INTRODUCTION {#sec1-1}
============

Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes of elevated liver enzymes among adults, ranging from steatosis (simple fatty liver) to non-alcoholic steatohepatitis (NASH). NAFLD affects about one fourth to one third of the general population, which is also projected to increase.\[[@ref1][@ref2][@ref3][@ref4]\] Simple steatosis is a benign and reversible condition, and most patients are asymptomatic, presenting with elevated liver enzymes (aspartate aminotransferase \[AST\] and alanine aminotransferase \[ALT\]) or a report of fatty liver in ultrasonographic (US) evaluation or sometimes non-specific complaints like right upper quadrant or diffuse abdominal discomfort, malaise and fatigue.\[[@ref5]\] However, if untreated it may progress to NASH (fatty changes with inflammation and hepatocellular injury) and eventually to advanved fibrosis and cirrhosis, with a mortality rate of approximately 1 in 10,000-12,000.\[[@ref6]\]

Although liver biopsy is the traditional gold standard for diagnosis and staging of NAFLD, due to the invasive nature of the test and its complications such as bleeding, bile leakage, right upper quadrant pain and shoulder pain, it is not performed for all individuals.\[[@ref6][@ref7]\] Thus, a combination of elevated level of liver enzymes, an US study of the liver and positive findings in physical examination, alongside the exclusion of other etiologies for liver disease, is the basis for the diagnosis of NAFLD.\[[@ref8][@ref9]\]

As a non-invasive, extremely safe, widely available, and inexpensive modality, US is the most common method used for detecting fatty liver and assessing the stages of NAFLD.\[[@ref10][@ref11]\] The bright liver, consisting of hyperechogenic liver tissue with fine, tightly packed echoes on US examination, is considered characteristic for fatty liver.\[[@ref12][@ref13]\] Studies have documented a sensitivity of 82-89% and a specificity of 93% for B-mode US to identify liver fatty infiltration.\[[@ref13]\]

As a dynamic imaging technique, US can both estimate the degree of fatty infiltration on gray scale mode and evaluate its effect on the hepatic vascular system through spectral Doppler analysis. New findings suggest that diffuse fatty infiltration of liver can alter the hemodynamics in the hepatic veins as well as the hepatic artery.\[[@ref14][@ref15]\]

Recent studies have evaluated hepatic vessel flow abnormalities characterization as an indicator for early diagnosis of fatty liver, and reported a decrease in hepatic artery resistance indexes (RI) in Doppler US in patients.\[[@ref16][@ref17][@ref18]\] Doppler waveform pattern of portal vein may also change in subjects with fatty liver, indicating vascular compliance in the liver.\[[@ref19][@ref20][@ref21]\] However, the relative contribution of intrahepatic fat deposition to the hepatic vessels' flow pattern alterations is still controversial.\[[@ref19][@ref22]\]

Variations in liver hemodynamics have also been suggested to be used as indicators to evaluate response to therapy in fatty liver patients, but its value has not been yet evaluated and the role of Doppler US findings as a criterion for response to therapy is still under debate.\[[@ref11]\]

Since fatty infiltration of the liver is a common condition accompanying other forms of hepatic irregularities such as cirrhosis and malignancy,\[[@ref4]\] it is of great significance to clarify the individual effects of NAFLD on hepatic blood flow patterns. Apart from reducing health care costs by negating the need for further diagnostic tests and interventions, this might help prevent or postpone future possible hepatic dysfunction and its lethal complications. Moreover, this is helpful in NAFLD patients follow up, and would be of great importance in determining whether treatment protocol has to be still continued. To the best of our knowledge, this is the first study to evaluate the correlation between hepatic blood flow indicators and fatty liver before and after treatment.

METHODS {#sec1-2}
=======

This study was carried out on consecutive patients with ongoing NAFLD who were under treatment and presented to some referral clinics in Tabriz, Iran between 2009 and 2011. Written informed consent was obtained from all subjects prior to the study.

Subjects were diagnosed as having NAFLD if they had elevated liver enzymes and a report of fatty liver in sonographic evaluation, after excluding other causes of these changes by taking a detailed history, physical examination, and appropriate testing. Because NAFLD resembles alcoholic liver disease but occurs in people who drink little or no alcohol, patients with a history of alcohol consumption more than 20 g/day were excluded. Subjects using potential steatosis-inducing drugs such as prednisolone, corticosterone, amiodarone, calcium channel blockers, tamoxifen, and methotrexate were also excluded. Likewise, positive viral hepatitis serum markers indicating chronic viral hepatitis or laboratory tests indicating Wilson disease or any autoimmune disorders, cholestasis, advanced liver, renal or cardiac disorder, hyperthyroidism, or hypothyroidism were among exclusion criteria. Those with a history of gastric bypass surgery, quick weight loss, or cachexia were also excluded. Liver biopsy was not performed for any of the subjects.

Serum biochemistry tests (ALT and AST), B mode and duplex Doppler US of the liver were performed at entry. US examinations were performed after 8-12 h of fasting to report hepatic artery RI, hepatic artery pulsatility index (PI), portal vein waveform (PVW), and grade of fatty liver. Each subject was examined in supine and 60°C left lateral positions during inspiration and asked to stop breathing during shallow inspiration for recording the correct spectral Doppler for at least 6 s. Examination was performed by a single system ALOKA 3500 PLUS machine with a 3.5 MHz convex transducer. Liver gray and Doppler US were performed by an expert radiologist, who was blinded to clinical and laboratory findings of patients, in order to minimize inter-observer and inter-equipment variability.

The presence or absence and grading of fatty infiltration of the liver were recorded according to standard structure documented in Goldberg textbook.

Grade 0 of fatty infiltration was considered to be the normal liver echogenicityGrade 1 (mild) of fatty infiltration, echogenicity was slightly increased, with normal visualization of the diaphragm and the intrahepatic vessel bordersGrade 2 (moderate) of fatty infiltration was established when echogenicity was moderately increased, with slightly impaired visualization of the diaphragm or intrahepatic vesselsGrade 3 (severe) of fatty infiltration, echogenicity was markedly increased with poor visualization of the diaphragm, the intrahepatic vessels, and the posterior portion of the right lobe.\[[@ref23]\]

Patients' response to treatment was assessed by evaluating their laboratory data (ALT, AST) after 21 months. Liver gray and Doppler indexes (hepatic artery RI, hepatic artery PI, PVW, grade of fatty liver) were reassessed in these subjects.

Statistical analysis was performed using SPSS (version 18, Chicago, IL, USA). Data are expressed as mean ± standard deviation for numerical variables and as percent (%) for categorical variables. Wilcoxon test was used as appropriate to analyze ordinal variables (grade of fatty liver), and paired Student\'s *t*-test was used to analyze continuous variables (AST, ALT, hepatic artery RI, hepatic artery PI, PVW). P ≤ 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

Forty eight subjects with ongoing NAFLD were included in the study during 21 months, out of which a total of 23 responded to the treatment. One of the subjects did not consent to participate in Doppler US for follow up, thus a total of 22 formed the basis of this study. Mean age of subjects was 37.6 ± 8.3 ranging from 21 to 56 years. Nine patients (39.1%) were male and 13 (60.1%) were female.

Mean AST levels were 46.7 ± 17.1 at entry, and 25.1 ± 11.6 after treatment. For ALT, mean levels were 62.5 ± 18.9, and 31.1 ± 10.9 before and after treatment, respectively \[[Table 1](#T1){ref-type="table"}\].

###### 

Mean value of parameters indicating fatty liver before and after treatment
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At entry a total of five (23%), eight (36%), and nine (41%) patients suffered from first grade, second grade and third grade of fatty liver, respectively. After treatment, none of the subjects had grade three fatty liver, only three (17%) had grade two, and other 19 (86%) subjects had grade one fatty liver. Grade of fatty liver improved significantly (*P* \< 0.001) after treatment in subjects, however in none of the subjects echogenicity of the liver returned into normal (Grade 0). Moreover, in 6 subjects no change in grade of fatty liver was detected. All of these subjects had a grade 1 fatty liver at submission. However, all grade three fatty liver patients but two, had a two level change in grade of fatty liver.

Mean hepatic artery RI was 0.60 ± 0.07 before treatment and 0.84 ± 0.25 after treatment. Mean hepatic artery PI was also 1.05 ± 0.32 and 1.19 ± 0.23 before and after treatment, respectively. Mean PVW was 16.8 ± 0.42 and 17.02 ± 0.36 at entry and after improvement. There was no significant differences between hepatic artery PI or PVW before and after treatment, but hepatic artery RI increased significantly (*P* = 0.001).

In nine subjects hepatic artery PI decreased after treatment, and in 13 cases it increased. However, only in 3 subjects hepatic artery RI decreased, and in all other subjects an increase in this parameter was documented. The changes in hepatic artery indexes before and after treatment are illustrated in \[[Figure 1](#F1){ref-type="fig"}.\]

Six subjects suffered from hypertension, and six suffered from diabetes. In subjects with diabetes, hepatic artery RI increased significantly after treatment (*P* = 0.016). However, the increase in hepatic artery PI or PVW was not statistically significant. Among those with hypertension, hepatic artery RI or hepatic artery PI, or PVW did not change significantly after treatment. After excluding subjects with hypertension from the population, hepatic artery PI increased significantly after treatment in subjects (*P* = 0.02).

![Comparison between interquartile ranges of hepatic artery indexes before and after treatment](IJPVM-5-472-g002){#F1}

DISCUSSION {#sec1-4}
==========

Monitoring the efficacy of treatment modality in NAFLD is helpful and may help to prevent unnecessary costs by indicating the need to switch or stop the treatment modality in a timely manner. Recording an improvement in NAFLD signs and symptoms is needed to prevent further follow up of subjects, which may impose unnecessary costs on both patients and society. Hepatic US and liver enzyme tests are two ways for monitoring patients with NAFLD that are used nowadays, however, based on new studies suggesting that fatty infiltration of liver may affect hemodynamics in hepatic vessels, we decided to evaluate whether hepatic Doppler analysis is a better modality to follow up patients.

In order to follow up patients with NAFLD, hepatic US may be helpful and reveals a bright liver of increased echogenicity, consistent with hepatic steatosis. US has sensitivity rate of 100% for detecting hepatic fat involving greater than 33% of the liver. This modality may support the diagnosis, but the absence of characteristic findings does not preclude a NAFLD diagnosis, and liver enzymes are more accurate than US finding for disease follow up.\[[@ref24]\] Thus, in this study we evaluated patients based on their liver enzymes to assess the effect of treatment as a standard to compare with hepatic Doppler indexes, and subjects with improvement in the liver enzyme function tests were included in the study.

Portal vein and hepatic arteries supply liver perfusion.\[[@ref25]\] The resistance in vascular bed can be measured by Doppler indexes such as RI and PI, which are widely used to evaluate arterial vascular resistance and compare systolic and diastolic flow. The normal hepatic arterial system has low resistance flow characteristics reported at 0.60-0.70 in fasting healthy subjects. However, there is not any large-scale studies assessing hepatic artery RI so far.\[[@ref26]\] In our study the RI index range of patients after treatment was 0.66-0.9.

According to Mihmanli *et al*. RI decreases gradually as severity of fatty infiltration increases.\[[@ref10]\] In another study performed in Iran, hepatic artery RI also decreased in subjects with fatty liver.\[[@ref13]\] In our study only RI index revealed a significant difference before and after treatment (*P* = 0.016).

Recent studies have documented that waveform pattern of portal vein and PI index may also change in subjects with fatty liver.\[[@ref19][@ref20][@ref21]\] Our findings didn't support this idea. In our study, increase in hepatic artery PI and change in portal waveform pattern were not statistically significant before and after the treatment. However, it was shown that after excluding subjects who suffered from hypertension, PI also increased in the rest of the population. We suggest that in patients with hypertension, PI might not be subject to change after treatment, thus it is not a good marker for evaluating the effect of treatment in these patients. In contrary to hypertensive patients, Doppler indexes variations were in line with other participants in diabetic patients.

Studies documented a sensitivity of 82-89% and a specificity of 93% for B-mode US to identify liver fatty infiltration. Sonographic findings of fatty liver in patients were in consistence with their elevated liver enzyme levels, during treatment period, liver echogenicity level decreased more slowly than liver enzymes decreased.

Although, decrease in mean of fatty liver grades was statistically significant before and after treatment, fatty liver grade of patients didn't decrease in the same way. Decrease in change was mostly documented in patients with a grade three fatty liver at submission, and subjects who had grade one fatty liver disorder did not improve to grade 0.

As a result, Gray US index (echogenicity of the liver) might not change in some of the patients who responded to therapy, or it might tend to decrease more slowly than RI index. This shows the fact that assessing the improvement in subjects with fatty liver is more reliable using Doppler US and hepatic artery RI and points attention to the importance of early diagnosis and the urgent need of the characterization of hepatic vessel flow abnormalities in the NAFLD population.\[[@ref16]\]

Study strength and limitations {#sec2-1}
------------------------------

Our study had some limitations. First, most of the common causes of fatty infiltration were excluded in this study. Moreover, without biopsy and histopathologic confirmation, we cannot be certain that the increase in RI is due to improvement in fatty infiltration. Moreover, we did not evaluate subjects with NASH and a simple fatty liver, separately. The relatively low patient number and the short follow-up are other possible limitations of this study. Performing case-control studies with larger populations and longer follow up period is suggested to further evaluate hepatic vessel Doppler indexes in the NAFLD population. The main strenght of the study is that this is the first study to evaluate the value of hepatic blood flow in determining the effect of treatment in patients with NAFLD.

CONCLUSIONS {#sec1-5}
===========

In summary, Doppler indexes including hepatic artery RI might contribute to evaluating treatment efficacy on NAFLD, and might show improvement in NAFLD patients during the course of therapy, which helps prevent unnecessary health care costs by negating the need for further diagnostic tests and interventions.
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